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el^wlT.l)ol^( recomb inase A, recA)7> ^d^KPlastidH*] 
^ ^#*fl» °l-§-«H homologous recombination JL-ir^r S--&-ir 

2H<I(plastid targeting sequence)* ^^Hr ^#^11^ tg^^r^ ^ 

^^>Jl o] ^#^1]^ ^^cfl s.^ -fr#*Ktarget gene)S X^rir 
«?B)1- S^^-^^r homologous recombinations -§r<>] ^7>^H *1<$# 3 

^u]vi]ol^ 7]-^^ ^ A>-g-^^ ttfl^cf ^^^7> 1/2-1/3S. #r£.£H, 

2^0]^ ^ggg- ^^#* ^.o]^. AfliL-g. ^^ii ^^^^i-^m ^fl^Hr «<HH1 

£ 3 
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'020000218 *=o „ n n 

M 2003/1/14 

^^l^f ^ ^ {Me thod for Recombinating 

Plastid Using Procaryotic Recombinase Gene} 



£ 2 ^ ^S^* ^l-^(northern blot) ^ a};*!. 
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<?> W8* tfWfc <3^1(chloroplast), *Kr 

(amyloplast), 3LW*I ^ »-W(luekoplast), * ^ s].^ AJH 

-B-^^l(chromoplast) ^<L3L ^s\^) t ^^]^ 2007]] ^^ 7> ^ 

*U 7 fl^ 1000^ *)** 7 >*u 10,000-50,000 co Py ^ 

7> *«th ^#^1 jl* 1-2 copy^ 7fl^# 7}^ sa^. 

nfl^ wl57§H *3 fetf)** ^ 10 ,000ufl ©l# 3L#3 - $ oM 

&4 ^ ^ #ofl 7fl ^ wf ^^ (Syab et ^ i99o . staub 

et al., 2000). o)^ qq&Q. y W ^ Q tg^-g^ ^ @ ^ 

<io> ^]##^, homologous recombination^] ^sfl 7>^t-l] 7]^^ ^ 

*)] ^7H^t* homologous recombination^ border^. 7>r-g-^ r jL oJ 7 )6fl <2] 2fl-fr;£U]- 
# ^^t!" ^ particle bombardment S.<$S}^ 3j©]tf. 

<u> oW 4£ H taoplasnySMI S|E 
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*3 'S^f: 2003/1/14 

*«M 4«h 2-7*1*1 ***** *« * W9 +JEW _ o)eRV ^ 

*. m»>a w * AH(n acf ^ o)s)s) ft 

*B«1 ^S| 7 l iJ«i 4*. m *+ ** H 

^ ^8H S3 •ara}^ "HS-oJ B , aa) ^ a#2) 7 ^ 

-*-■-*» Hion-*! homologous recombination A-fr-8- 
^Homologous recombination")^ e)«ti)i4|o) 2 ^a^o) ^sfe 30.3. ^ 

S*l «l UW homologous recombination i*o] lOHM* *7>3S*°] AJ2^sa=KStohl 
and Seifert. 200!; Bakhlanova et al . , 2001; Reiss at al . , 1996; 1997; Shcherbakova 
et al., 2000; Vispe et al., 1998). 

<is> 4 «H 4*44 WW 4*4 ***** ^7]^* 

n^j, afe ao ] «^o)4. 

* »<*fr =^ wa WZtk.W* 7 BW 7l 4 



25-6 



120000218 



#3 2003/1/14 



i%3L ^ -R-#7} n}-^ -e-#*v a^^- S^r^Hr ^€^-8- *MI 

homologous recombinationJL-ir^r ^^^^ iL-§r°] ^ ^^^^-i- 

<17> £ ^^HH ^^w]u1]o]^i- ^Br>fe <£)«*||* ^-g-^M ^ 

homologous recombinations)- ^^^^ 7f^]-7fl ^fxr ^€"^1 

^ *}--§-] 

<18> S-Z\-2r ^^7} ^ (A) ^*)HH *^^r M-^^ 3 

3«1*4M2^ o_^> a^ «j jt-^o} ^^]oi) SL^Ht (targeting 

sequencing)* 2E^*Rr ^ *}b1* ^l^Rr ^^}o)^^b\ z\) 

(B) #7] ^aHH^taiSjEi-I- ol-g-^H n n^Qg. ^1]^>^ 

1^^^^# S?^7fls>}-, (C) ^-tg« ^ 3^ I7fl o]#o} -S-*] 

-n-^7> A^ ^ Aji£ -H-^7> A^^ 3E^-*frr ^# ^^^^ ^» ^ 

f>}±= ^^-^1 ^ (D) #7] ^Sfl-g-^BjS ^l-S-^ ^"71 l*^^^ 
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#3 ^*)]» ^^-sRr 2*}^^M# i^^T})* i^Kr ^#3)1^ 
<i9> ^qj. -E^-a- ^*>7l 4^*IHH %^ M-^^ 

<20> ^, ,& ( A ) ^*)HH ^ ^ 2^ I7fl oltfSj S.^ -B-^> A^ 

Ajig- n}^o} A^^g- ^# ^^€«T-§- *)^« *lWKr 

2}*fl ^#3]^ #7] ^^^-g- ol-g-^ dj^* 

tg^^Hfr 2^^^«:^# ^^-^1* Sf-^r ^^^Rr 

<22>^- ^oflA-} &l^ti]v)]o]^S^ JHf^l^ l^HH M"^^ ^ 

^M^KE. A>-g-7>^tt^l , ^p-^l^^-S.^- Deinococcus radiodurans recA, tfl^^o} recA 
^ °}^r4) homologue ^-fr ^}-§-"t t= 
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Jg^Hr S^^to)2].£ A>-g-o] 7>^V^". ^lft^, ^W]^ ^ti. 

-B-qm(Rubisco small subunit), ^WH*1 (AGPase) , fSS^ <*)H*l(Cab) ¥ 

<24> ^ ^^-g- «2}eH 5E^^ -fi-^r^Srr ZL ^fH| ^m^l 

wlE)s-Al(Bt) -fr^h *)l^*lKbar, glyphosate) 4r3l*r, i4^^S^ 

(somatotropin) ^ <?l^l-B-efl -f}-#*V ^-§; ^^-3- S£^ €-SL^l ^ 

<25> M. ^^-g- ^ofl S^-Sj^ -R-^>S.^ 2^^€^:€ ^ 

^ ^-^^ -n-^^>» a >-§-1: *r Si 1 ^. ^l**^, CD i^E^pyo'lAKspecti nomyc i ne ) °| 
14 ^M^S.^>ol^l(streptomycine)^| *|1M3 6 1 Sfe 16S -Jf^r 3E^r 

(2) ^^B)ixP>o]A]o] f ^m^S^KI^l 5E^ 7>M-u>o] a] (kanamycine) ^HN 
-rr&x} ® T^o-J-Dlvllo-lsCcytosine deaminase), «fl3lSl Ml 

■SHH. Sl^(BADH) if 3}- ^r^r Jl:£ -n-^^V SE-fe- © GFP(green fluorescence protein) -fr 

^ GFP -fr3l*r» i^m^-S <£^.*}*\ 4^*11 ^^^^#^(^, 2^ 

^^^1-^)^01 Ai»gtifl*HH *Ht &»1 2§-X\6\] a]4^o.S.S. homologous 

recombination^^* ^Sr 1 ^ ^0} 7 }^}5L-i=. ^ ^o] #4. 
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<26> 4*4 q±iq<n QFP7> Jong wave UV *MM <^*l)7> 

<27> o^} ^ahh # -MfctJ.. 

<28> * >7 ) ^o, t * ^ ^ # ^ ^ oH 

W GFP ^ H o]^ a C 4 ^ ^ oH ^^o. o]^ Ml4> ^ 

**** GFP **d*>» ^ ^ ^ ^ ^ 

^ 5ft-g-.£. 3Jo]tf-. 

<29> 7m £ ^ 7]# ^ ^ ^ ^ ^ ^ 

#-1 IN**! ^o,,^ ^ ^ ^ o]* MM . ^ ^ ^ ^ 

^ 7)^0^ ^oloflTfl ^ o]cf 

<30> *> 7 ) «AHe,A| M3 , t ^ # ^ 7] . f ^ ^ 

»*W -g-oj^ ^o] 7 ] nfl^ofl 0 ]o, ^«Watf. 
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<32> Aq^oflA^ 33«H«>lS >g^*>7] ^ 4^3. o]^5) fe 

<*► POTTO °B 7] ^-tfj (Arabidopsis) B^MM^ Deinococcus 

radiodurans^ b] 3 »1 tJW^CrecA) zj-zj- ^^^>ji 35S h S £e|<4 

nos ^n)v)]olB]A>o]o]l BamHI/SacI^i&jLi JjUfH js^isH ^^^^-g- *)e] 

pDrecAAT* 

<34> jitj- #4*] -i^^, Deinococcus radiodurans ■3-^r(AT0C13939)3.Jf E] DNA* -g-B^^H 
PCR^CAi^iaj- 2 » «7}*M PWO polymerase(BM co.)» denature : 94«C 1 

annealing : 55°C 1*. polymerazation : 72"C 60^, 30 cycle ^ l.l kb^ 

recA(B^MM^) *^* r » 35S nos E^l^o]^ a>oJ4) 

BamHI/SacI ^ltii JjLfl*) JE^JfttK o]^ Arabidopais genomic DMAS* 

*1 PCR^h^a C-H «33fl- 4» «7]*M p ff0 polymeraseCBM co.)» denature : 94 "C 

1^-, annealing : 55°C 1-g-, polymerazation : 72V 10s, 30 cycle ^>-g-)o.S 0.2kb^ 

s^g* ms.^}^. 35s b^«i 

tflola a>o]^ BamHI ^tfj^MH £ og^ H Deinococcus radiodurans^ 

<36> 10 | ^^^.g. *|#*|]# l^^sH^rf. 3$ 

»<TO£r <&B^ 7M€ ^o] a}-g.^ ^ 
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<37> ^AH] lafl ^ ^ isSmmi^ V*)^ freeze thaw ^cm- O^S^S) 

<=>>(GV3101 strainHl SE^SH 50 mg/L xj}6] a] > 50 mg /L e) ^g-sx) a] o] ^7>^ YEP wfl 

2H*> tifl^ ^ ^ti^ ^^oll A>-§-^>^q-. 7Mo\)X\ Bfl^tb ^-wfl 
(Nicotiana tabacum cv. Samsung 52 5)£ MSCMurashige and skoog, 1962) 7} 

& ^*f|«fl*l 10 raLoll, o]-ZZ.^H) e] of 200 ^Jl 2 ^ 

M ^^S. c>zLS^-Bfle]o>» ^-g. Jr 100 mg/L 7>q.p>o]Al f 300 rag/L 
13:, 2 mg/L BAP, 0.1 mg/L NAA°1 MS«fl*HH 25°C , 2,000 lux-&) ^ 2,&SLg, «fl 

°<f*H ^^-sl-7fl^» ^d^>^cf. y fl<S 3-4- ^ ^^fl^ofl^ shoot* 300 

mg/L H.e}-ii&, 100 mg/L 5^M-°]aJ o] ^ 7 >^ MS ^afl^iiL ^ ™^-g. -B-^jt. £ 

<38> ^.g. ^ll^^HH Deinococcus radioduransQ ^ w] lifl ^ o] £ oj ^ 

# rna« ic^l: ^"(northern blot)* 

2). £ 2<^H Con^ ^^^Sj^ ^#^]#, 1, 2^r ^^Wl^o]^ 

^iSKr M-^vfl^, A : 1^ 1-^-*, loading^ total RNA» M^^-. 

<39> 1*} ^^^^ ZLtflS. oj-g-^- o^ZL ^*>» <£o] J^Jg. O]^ ^ 



<40> aJaH] 3 : GFP» 7}x]±r ^db^l ^^-g- tf)E] ^ 
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<41> UV3HM ^^-Mr ^ 9X$r 

$r%r ^^7} PCR ^JLS. <&^*\] ^ ^^(ribosome 

binding site)* 7}*]J£-s- GFP -fr^>(^^ *>7l 7]^ 
^^^-g- ^l^oi CtV2 o 1 aadA ^ xbal ^*VJl^ J^M £<y^ aM^) ^ 

^^-g- ni}^ ctVG» ^l]^>^cf. 

<42> 1^ -^^1^ o.^.^, GFP^ €^^1 mGFP4 -fr&x}7} ^SfltfloflAi ^sJJE^-^l 

7flA] S ^-(start codon) BlJ±# ^ (AGGAGGTATAACA)» 7}*)^ primer* *)) 

PCR ^^(^153}- 6» %7}is}d$ pwo polymerase(BM co.)» A r -§-*H denature : 
94 °C 1^-, annealing : 55*C 1-gr, polymerazat ion : 72°C 40s, 30 cycle g>-§-) o g GFP 
-n-^>» ^^^-g- «j^<y CtV2tfl^ ^El^VojAl 

-f^f"?! aadA -B-^> 33 Xbal ^ltlrSdt: ^-$H :£«g*H GFP-B-^^>7|- .Stifle ©.3. ^> 
*t- ^jdkafl ^^^-g- tf}Bj CtVG» ^]^5lt^(JE 3). 



-S^H] 4 : particle bombardment 6 )] 

«ii tfl*H ^*hi 3*ih tfjEjs -a^-a- 

* •S-^^M 1 mg/L BAP, 0.1 mg/L NAA°] %7}& MS^o^ ^dtsfl ^^^3^ 
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0.6 ma *]-§-£j ^-^^Kgold particle)^] CtVG q±Z$\ coating^: ^ 

BioRadA>^ PDH-1000/He gene delivery system^* ol-g-SKn. 1,100 psi^j 
Acceleration Power, 9 cm£\ Target distance, 28 in/Hg^ Vacuum^ q±.*ft ^ 

^^584. °W 25°C, 2,000 lux^ # S^o.s 2^^> ^wfl oi^- 

2-5 mra37]s] |^o S q.-^ l mg/L BAP, 0.1 mg/L NAA, 500mg/L i^)Ej^>o] a] o] ^ 
7>€ MS«fl*HH Hfl^M ^db*{| -S^rSicK 



<47> 5 : ^Bflc*} xi}^ tg^^ j-^ ^ 

W CtVG7l- JE<^ 2* r ^^€$^#^1^ aj^] a^r^t}. 

<49> Aj)^] tg^^o] Ol-^x]^ ^ UV SAfAH] ^4=-^ ^ ^^-ol ^ 

^^^]7> % ^-f GFP7> ^s)^.^ GFP3} ^ ^J£°fl 4 

^^Wlvilol^7l- Sj^l ^ ^)<2f hi^h *H 

^ long wave UV «HH ^^h§- v\±= xfl-g-sf- shooter A^. 33 # 
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<5i> [ K i] 











5/11 (45.4%) 


8/9 (88.9%) j 



L bomboardmentr- 



>H^- 4^tf shoot^S^-B) €*§€*fl* *aj*H Aqiiflofl^ GFP» ^ 

*Rr ^4i*fl» 9*-«"l*tiHA) homologous recombination iL^ 

*** s+w «i*h ** gfp <ra** ^arKs. 4 >. E 4 4h A ^ a** 

^ GFP^ TO<2W *J**^. ^, n]^ # ^y], iH ^ 7> *, fe ^ ^ 

H 1*H homologous recombinationJL^o] ^*)«) ^7>^[ ^-<y-f- ^ ojcf. 
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UJ-^ JljzJ-] 

E - ^ tg^* jL-i: * homologouse 

recombination ^o] fe ^o(| 7]^^ hom oplasmy» ^7} $\is}o) 

^ ^71^ Tg^M ^ 9131, ^ o]<2]o] Al^jAi tg^^ 

*1 tg^^o] £#,3 ^ #0 fl ^^^7l#-i: - 01 

<55>^. ^o)] o}^, ^Bflo]] homologous recombinat ionS.-^! ^ ^7}^ ^^-4 

^ 1/2-1/3 ^ to, 2wfl o]^ ^-jg. 

<56> <^-J7§-^> 

<57>Svab, Z., Hajdukiewicz, P. & Maliga, P. (1990). Stable transformation of plastids 
in higher plants. Proc. Natl Acad. Sci . USA, 87, 8526-8530. 

<58>Staub, J. M., Garcia, B., Graves, J., Hajdukiewicz, P. T. J., Hunter, P., Nehra, 
N. et al. (2000). High yield production of a human therapeutic protein in tobacco 
chloroplasts. Nature Biotechnol. 18, 333-338. 
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<S9> Stohl EA, Seifert HS.(2001) The recX gene potentiates homologous recombination in 

Neisseria gonorrhoeae. 
<60>Mol Microbiol. 40:1301-10 

<6i> Bakhlanova IV, Ogawa T, Lanzov VA. (2001) Recombinogenic Activity of Chimeric recA 
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responsible for this activity. Genetics. 159:7-15 

<62>Reiss, B. , Klemm, M. , Kosak, H. & Schell, J. (1996) RecA protein stimulates 
homologous recombination in plants. Proc. Natl. Acad. Sci . USA 93, 3094-3098. 
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695-702. 
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1] 

K targeting sequencing)^ Stf^Hb ^ ^H^^r-g- ^|^# ^]^>^ e) ^ a] ufl o] 

(B) %7] ^^o)^v^^ o]^\d\ ^ ^^ft^ afl^Rr 1*}^^ 

(C) ^Sfl^fH ^ I7fl O]^ .2-2} o.^ ^ ^ ^ o_ 

(D) ^71 ^^]^Elt <>l-g-*H # 7 ) l^^^A^ AJ^] # ^^^^ 2 *f 

^ W . 

2] 

^1 1 StM^i, 
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3] 

i ihi a^h, 

^Elicn>o]^( S p ectinomycine )o]u}- ^E^ £ pj.o]Al( streptomycine )6,l ^j^ol o} fe 
16S ^J£# ^H-fri^E gz2=. 

^z)^v}o)X)o] t ^E^ S n>oiAi g= fe ^^W^Ckanamycine) ^ ^ $-4*H 

^r^HH^Ccytosine deaminase), Util^M^ J^(BADH) s. 
i ^/SE^ 

GFP(green fluorescence protein)"?! 3J-ir ^#*H£) ^dt^ll- ^^^^*> 

4] 
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5] 

^^^^V^^Kspectinomycine)^^- ^S^£*r 6 l^(streptomycineH ^^o] 

16S H]^-^ >|_H-^lJ|E £ i=. 

^^]E]icP>o]Alol , ^E^ M n>o]A] 3c- 7 r ^r°]^(kanamycine) ^ *J-M°ti 

-*1Je.^1 ^o>o]t|]o]2 : ( C y tos i ne deaminase), iflNSl t^^lE Jl^i(BADH) -f-^f jr 
^ ^/5E^ 

GFPCgreen fluorescence protein)*?] 3J^§- ^^^$*> 
61 
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[5L 1] 



ss' pass -V, 



■VnpTII TNo»'"'« 

• ? RB LaN - 
RB pMBPI \ 

I IIOODbp } 



V 



-Saci 



PCRSTSDNA^S 



BamHI/SacI &@ 

T4 DNA ligase S^&fg 









NPTU p35s 



RB 



\ 



LB I 
I 
f 



Dr&cA 



pDrccAT TNas ^ 
123 DO bp LB *f 



2] 

Con 1 2 
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[5L 3) 



tmA\\ 



Mtml 



CIV2 
5770 bp 



1GS-T 



1 

4 



Xbal 



Xbal . 



-EcoRV-Xbal 



PGR m& DNA^S 
(Aig»!^5. 6) 



T4NDA ligase 



RBS-GFP 



, CtVG l 

8570 bp ^1 | 



,16S-3' 



\ 



AMPr 





IS 4] 




<110> Korea Research Institute of Bioscience and Biotechnology <120> Method 
for Recombinating Plastid Using Procaryotic Recombinase Gene <130> 

P0102-001 <160> 6 <170> Kopatentln 1.71 <210> 1 <211> 26 <212> DNA 
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<213> Artificial Sequence <220> <223> primer <400> 1 aatggatcca tgagcaagga 
cgccgc 26 <210> 2 <211> 26 <212> 

DNA <213> Artificial Sequence <220> <223> primer <400> 2 aaatctagag 
gggcacgcag caagag 26 <210> 3 <211> 

26 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 3 
acaggatcca tggattcaca gctagt 26 <210> 

4 <211> 26 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 
4 acaggatccg gcgtagacgg taaccg 26 < 

210> 5 <211> 35 <212> DNA <213> Artificial Sequence <220> <223> 
primer <400> 5 ttctctagaa ggaggtataa caatgagtaa aggag 

35 <210> 6 <211> 33 <212> DNA <213> Artificial Sequence <220> <223> 

primer <400> 6 gccctctaga tatcttattt gtatagttca tec 

33 
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